Since the sixteenth century, competition between midwives and surgeons has created a culture of blame around the difficult delivery. In the late seventeenth century, 100 years before oxygen was discovered, researchers associated "apparent death of the newborn" with impaired respiratory function of the placenta. The diagnosis "birth asphyxia" replaced the term "apparent death of the newborn" during the mass phobia of being buried alive in the eighteenth century. This shifted the interpretation from unavoidable fate to a preventable condition. Although the semantic inaccuracy ("pulselessness") was debated, "asphyxia" was not scientifically defined until 1992. From 1792 the diagnosis was based on a lack of oxygen. "Blue" and "white" asphyxia were perceived as different disorders in the eighteenth, and as different grades of the same disorder in the nineteenth century. In 1862, William Little linked birth asphyxia with cerebral palsy, and although never confirmed, his hypothesis was accepted by scientists and the public. Fetal well-being was assessed by auscultating heart beats since 1822, and continuous electronic fetal monitoring was introduced in the 1960s without scientific assessment. It neither diminished the incidence of birth asphyxia nor of cerebral palsy, but rather raised the rate of cesarean sections and litigation against obstetricians and midwives.
B
irth asphyxia is neither the most dangerous nor most frequent life-threatening condition patients and doctors encounter, yet it is the most frequent cause of litigation (1, 2) . Although not compatible with scientific evidence, birth asphyxia was and is frequently believed to be associated with cerebral palsy. It was hypothesized that lack of definition and interprofessional blaming contributed to the belief that birth asphyxia is preventable. By delineating the path from a nonentity to a condition suspected of resulting from malpractice, the present paper seeks to explain this phenomenon from a historical perspective. Its focus is the definition of birth asphyxia and the interprofessional controversy. It omits the history of neonatal resuscitation (3) (4) (5) and is short on historic aspects described before, such as obstetric forceps (6) and electronic fetal monitoring (7, 8) . The use of the term "birth asphyxia" in the German literature was addressed by Stiller (9) .
OBSTETRICS BEFORE THE PRINTING ERA
Hellas and Rome showed little sympathy for weaklings: malformed or premature infants were abandoned at the Taygettos canyon or the columna lactaria, respectively. The Greek goddesses Hera and Artemis and the Roman goddess Juno Lucina were believed to protect childbirth, and midwives enjoyed high esteem. A tombstone from Menidi, 4th century BCE, reads (10) : "Phanostrate, a midwife and physician, lies here. She caused pain to none, and all lamented her death."
Postnatal difficulties were believed to result from intrauterine conditions, and maintaining placental circulation was the main therapy. For poorly adapted neonates, the Corpus Hippocraticum (11) recommended in the 5th century BCE: "You should not remove their umbilical cord before they pass urine or sneeze or give voice, instead leaving it connected... . If the umbilical cord puffs up with air like a pouch, the child will move or sneeze and give voice; then you should remove the cord while the child is taking a breath. If, after a certain time, the umbilical cord does not puff up with air nor the child move, it will not survive. " In the 4th century BCE, Aristotle (12) reported: "Often the baby seemed to be born dead when... the blood happens to run out into the umbilicus and the surrounding part; but certain midwives who have acquired this skill, squeezed the blood back inside, out of the umbilical [cord] , and immediately the baby... has revived again."
Roman midwives often began their career as slaves and were freed after a happy delivery. Soranus did not favor resuscitation in disturbed respiration in the 2nd century CE (13) : "[the newborn is worth raising] who immediately cries with proper vigor; for one that lives for some length of time without crying, or cries but weakly, is suspected of behaving so on account of some unfavorable condition." With the advent of Christianity, Greek and Roman ideas about human life changed. In 319 CE Roman Emperor Constantine decreed that the state provide maintenance and education for poor children and prevent the exposure, sale, and murder of infants (14) . From Soranus (13) until Scipio Mercurio (15) , the Middle Ages brought 1,400 years of stagnation in midwifery, the main reason being the "dead hand of Galen," as Radcliffe characterized the medieval hostility towards research (16) . Another reason was the century-long divorce of surgery from medicine that excluded barber-surgeons and midwives from academic training. Not until the printing press became available around 1,500 did obstetric knowledge dissipate and improve, despite the fact that most midwives and barbersurgeons were illiterate.
INTERPROFESSIONAL COMPETITION AND BLAME
Interprofessional conflicts were common even before book printing weakened the privileges of learning. Rights and duties of midwives were regulated since the fourteenth century; a typical example is the Freiburg order of 1557 (17): "They shall not use any gruesome or clumsy instrument to break or extract the infant." As late as 1786, Jean-François Icart listed four instruments that midwives were allowed to use and had been loaned by the diocese of Castres (18): (1) clyster-syringe for enemas; (2) catheter to empty the bladder; (3) small syringe for intrauterine baptism; (4) tube to ventilate the baby.
Barber-surgeons, all male, became active in obstetrics in the thirteenth century, their activities regulated by the guild. In London, the company of barber-surgeons was founded in 1540 (19) , whereas midwives were legally regulated as late as 1902 (20) . The surgeons' arrival on the birth scene, however, heralded the death of mother or child, if not both: it was their privilege to use hooks (crochets), their duty to remove the dead fetus following prolonged or obstructed labor, oblique pelvis, or hydrocephalus, in an attempt to save the mother's life ( Figure 1) . Not until the Chamberlen family's secret-the obstetric forceps-leaked out around 1720, did that instrument become the key that opened the lying-in room for men (6) . Benjamin Pugh, surgeon in Chelmsford, Essex, justified his treatise of midwifery "with regard to the operation" in 1754 (21) : "as every young Surgeon now intends practicing Midwifery, and it is become almost as universal in this Kingdom, as ever it was in France. " Male assistance first became fashionable in delivery rooms of the nobility: in 1670, Julien Clément delivered Madame Montespan, mistress of Louis XIV; in 1688, Hugh Chamberlen the wife of James II; in 1738, William Hunter attended the birth of George III, etc. Midwives and surgeons who published texts on obstetrics remained rare, as publishing was a strictly regulated privilege. Usually they were appointed to the royal courts, who gave them permission to publish without the need for consent by the medical faculties.
The respect for midwives waned immediately and bitter competition arose when men entered "real" obstetrics in which both mother and child were expected to survive. Named accoucheurs or man-midwife, they used their publications to blame the midwives for everything that could go wrong during a delivery. Eucharius Rösslin's book first appeared in 1513, was frequently reprinted, and translated into English by Thomas Raynald in 1540 (22) served as school of midwifery-stated condescendingly in 1573 (26) : "Midwives are to be admonished that as often as they perceiv the childe to be comming forth either with its bellie or his back forwards... that they should turn it, and draw it out by the feet; for the doing whereof, if they be not sufficient, let them crave the assistance and help of some expert Chirurgian." In 1672, Percival Willughby of Derby moaned (27) : "midwives will follow their own wayes, and will have their own wills." Constantly attacked by surgeons, the midwives retaliated, usually by claiming overuse of and complications using the forceps, and avarice of the accoucheur, who received higher wages than the midwife. In Prussia, the book of Royal Midwife Justine Siegmundin, first published in 1690, set the German standard for a century (28) . She defined weakness as a form of suffocation, due to delayed onset of breathing. Andreas Petermann, professor of surgery at Leipzig University, attacked the book as "speculation-based, illogical, and dangerous for midwives and parturients" and tried to have the censor forbid it, without success. The 5-year controversy is reproduced in later editions of Siegemundin's book. In England, Elizabeth Nihell attacked William Smellie in 1760 Figure 2) gives us an idea of the pamphlet wars between the two health professions (30) . There are many other examples. The persistent controversy was described by Hagen in 1791 (31) and Donnison in 1977 (20) . After two centuries of blaming, the stage was set for the courts. Midwives' textbooks meticulously regulated every detail, as Hauck explained in 1815 (32): "to prove punishable offences." A century later, Ahlfeld stated similar purposes in 1905 (33) : "The official textbook of midwifery also serves as a guide for disciplinary avengement and desicions in foro (court trial)." The German textbook on forensic medicine resumed in 1872 (34) : "Most frequently sued for alleged malpractice are obstetricians and midwives." The surgeons had won a pyrrhic victory that maintained the hierarchy, but undermined the respect for both professions.
"APPARENT DEATH" CLASSIFIED BY ALLEGED CAUSES Apparent death [mors apparens] of the neonate was addressed in early printed books on obstetrics. In 1472, Padovan professor Paolo Bagellardo described birth asphyxia quite precisely (35) : "[The midwife should examine] whether the infant is alive or not, or spotted, that is: whether black or white or of livid color, and whether it is breathing or not. If she finds it warm, not black, she should blow into its mouth, if it has no respiration, or into its anus." Had he omitted the last words, we would praise Bagellardo as pioneer of neonatology. Whereas birth asphyxia was not differentiated from immaturity or weakness in the preterm infant, inability to breathe was regarded a treatable condition in the term infant. A century before the discovery of oxygen, several researchers were aware of normal and disturbed fetal gas exchange: Parisian accoucheur François Mauriceau described a prolapsed umbilical cord in 1668 (36) : "Lacking placental respiration, the fetus now should inspire by the mouth, to refresh its heart... secluded in the womb, however, this path is not available, and the infant must soon die from suffocation, because both ways [placenta and lungs] are unavailable." Mauriceau reported that more than half young infants died, and discerned several accidents leading to apparent death: (1) weakness in prematures; (2) violence due to difficult labour; (3) sudden suffocation.
Physiologist John Mayow of Oxford wrote in 1674 (37): "The foetus in the uterus, whose blood does not pass through the lungs but through special ducts, does not need to breathe at all... . With respect, then, to the use of respiration, it may be affirmed that an aerial something [sal-nitro] essential to life, whatever it may be, passes [from the placenta] into the mass of the blood." Philipp Verheyen, anatomist in Louvain, was aware of the placenta's respiratory function in 1693 (38) : "In the fetus, whose lungs repose, this substance, which feeds the flame of life, is extracted by the placenta from the maternal blood, and admixed with the fetal blood ( Figure 3) ." Seven years after Lavoisier named oxygen, Swiss scientist Christoph Girtanner associated its deficiency with fetal asphyxia in 1792 (39) : "The fetal lung is outside the body: It is the placenta... . The infant dies suddenly, when during birth the cord is compressed, and the circulation to and from the placenta is interrupted." In 1819, Alexandre Lebreton published a book on neonatal diseases in which he classified apparent death according to six causes (40) : (1) In Prussia, Christoph Hufeland used the term asphyxia in 1836 (42) for "a perfect image of death... cessation of circulation and respiration, and motion. It is often a continuance of the fetal state (hydatic life), a failure to commence atmospherical, independent existence... ." He assumed three specific causes according to the infant's appearance: (1) true weakness due to immaturity; (2) overload of blood in brain and heart due to prolonged labor or cord entanglement; (3) suffocation due to mucus obstruction.
VITALISM, BURYING ALIVE, AND THE DIAGNOSIS "ASPHYXIA" During the eighteenth century, philosophical theories still exerted great influence in medicine. "Apparent death" was related to "viability" or "life force"-philosophical terms that originated with vitalism. To discern living and dead matter, Georg Ernst Stahl postulated an energia operandi (energy of action) in 1733. Albrecht von Haller defined life as the irritability of tissues, especially nerves and muscles in 1752. Johann Wolfgang Goethe, a vitalist himself, combined this concept by again blaming the midwife, when describing his own birth on 28 August 1749 (43): "The midwife was so unskilled that I was brought into the world as good as dead, and only with great difficulty could I be made to open my eyes and see the light... my grandfather, Johann Textor, who was chief magistrate, was moved by this to appoint an official birth-assistant and to reintroduce the instruction of midwives."
The mass phobia of apparent death began with the books of Lancisi 1707 (44), Winslow, and Bruhier 1742 (45); These books went through many editions and translations, and accompanied the Europe-wide obsession of "being buried alive." Humane Societies were founded to teach resuscitation (46) and pamphlets were distributed by Royal order to the public at governmental expense, as that of de Gardane 1774 in France (47) and 1781 in Prussia (48); and it was those very pamphlets that introduced incorrectly the term asphyxia [pulselessness] into medical texts as in John Aitken's book on midwifery that appeared in 1784 in Edinburgh (49) and 1789 in Nürnberg (50). The term "asphyxia" was criticized from the beginning, but "apparent death" had fallen from grace and could no longer be used for a baby having difficulty breathing at birth. This change did not put forward a definition, but was understood as shift from unavoidable fate to preventable condition.
ASPHYXIA CLASSIFIED BY ALLEGED GRADES
The textbook on obstetrics by Heidelberg obstetrician Hermann Naegele exemplifies how the interpretation of birth asphyxia changed in the second half of the nineteenth century: In the fifth edition of 1863 (51), he proposed the traditional classification: (1) asphyxia livida suffocatoria due to compressed placenta or cord; (2) asphyxia livida apoplectica due to compressed brain; (3) asphyxia pallida due to exhausted nervous activity, blood loss, and placental insufficiency. In the eighth edition of 1872 (52), Naegele equated asphyxia and apparent death, defined as minimal signs of life with some vitality preserved, and specified three grades: (1) mild: skin blue, but some respiratory efforts; (2) medium: skin pale, gasping, poor reflex activity; (3) severe: slow heart action, no respiratory effort, no reflex activity. In 1931, New York anesthesiologist Paluel Flagg classified neonatal asphyxia in three grades according to reflex excitability (53): mild: depression; moderate: spasticity; severe: flaccidity.
RETROSPECTIVE BRAIN DAMAGE
In 1784, London surgeon and male midwife Micheal Underwood described palsy of the lower extremities: "it seems to arise from debility..., and usually attacks children one year old... . The first thing observed is debility of the lower extremities, which gradually become more infirm." (54) In 1824, Pierre Flourens located the main respiratory regulator in the medulla oblongata and induced asphyxia in animals with lesions therein (55) . In 1826, Johann Christian Jörg noted (56): "In too early and unripe born children a state of weakness may persist... in the muscles until puberty or even longer. It hinders the child in the use of its limbs and in holding head and trunk." In 1862, London orthopedist William John Little published his influential paper relating deformities to "abnormal parturition, difficult labours, premature birth, and asphyxia neonatorum" (57): "a larger proportion of infants, either dead, stillborn, apoplectic, or asphyxiated at birth, have been rendered so by interruption of the proper placental relation of the fetus to the mother, and non-substitution of pulmonary respiration, than from direct mechanical injury to the brain and spinal cord." A closer look into this paper reveals that half of Little's 49 infants were preterm, and that only five had been both term and asphyctic; no postmorte findings were reported. From one case involving a traumatic breech delivery and a literature search on 34 cases with cerebral palsy, Sarah McNutt concluded in 1885 (58) that "meningeal hemorrhage at parturition [is] one of the commonest agencies in the production of spastic hemiplegia." William Osler used the term cerebral palsy in 1889 for hemiplegia and diplegia in 140 children (59) , ascribing its etiology to trauma and infection, but not to birth asphyxia. In 1897, Siegmund Freud contradicted Little (60) : "Premature, precipitate and difficult birth and asphyxia neonatorum are not causal factors in the production of diplegia; they are only associated symptoms of deeper lying influences which have dominated the development of the foetus or the organism of the mother." However, his criticism went unheeded: Little's hypothesis fulfilled an obvious need for causality all too well. In 1927, Lotte Landé stressed the importance of malformations and cautioned against overestimating the role of birth trauma in causing cerebral palsy (61) .
Eastman and DeLeon compared 96 children with cerebral palsy and a control group in 1955 (62): 41% of the CP patients had "poor" adaptation (controls: 2%); 34% were born preterm (controls: 9%); 50% had fever at birth (controls: 6%); and 15% had malformations (controls: 2%). The population-based prospective study from Australia (63) showed that o10% of cerebral palsies were associated with birth asphyxia. Considerable evidence has accumulated in recent decades that rather than birth asphyxia, prenatal events like growth retardation, infection, or genetic abnormalities are what causes cerebral palsy (64) .
MEASUREMENTS AND DEFINITIONS
The era of measurement dawned in the twentieth century, and blood gas analysis helped to better understand birth asphyxia: In 1928, Blair Bell and his associates in Liverpool reported a mean oxygen content of 9.02 vol% in blood of the umbilical vein and of 5.85 vol% in that of the umbilical artery at birth (65) . In Baltimore in 1932, Nicholson Eastman published cord blood gas analyses of infants with and without asphyxia (66) : "The primary blood chemical change in asphyxia neonatorum is a reduction in the oxygen content of the fetal blood to extremely low levels, the blood of the umbilical vein falling in fatal cases below one volume per cent... . The serum pH of asphyxiated infants is reduced to the lower limits compatible with life..."
The New York anesthesiologist Virginia Apgar, disturbed by the lack of specificity in resuscitation and by the poor quality of asphyxia studies, devised a clinical score in 1953 to quantify the degree of asphyxia and improve resuscitation efforts in the neonate (67) . In a neurodevelopmental followup in 215 infants she found "no significant correlation between I.Q. and oxygen content or saturation at any time during the first three hours of life (68)" (Figure 4l ). Apgar's associate L Stanley James published blood gas measurements of umbilical venous and arterial blood in infants with and without asphyxia in 1958 (69): "Some degree of asphyxia, usually of brief duration, is a normal finding in all births... asphyxia produces a respiratory acidosis followed by a superimposed metabolic acidosis." However, the Apgar score and base deficit correlated poorly (Figure 4r ). In 1959, Dawes et al. (70) in Oxford found that severely hypoxic lamb fetuses survived up to 1 h by raising their blood pressure and heart rate. Apgar's and James' work paved the way towards a definition of asphyxia, but it remains difficult to understand how and why the Apgar score and cord blood gases were mistakenly employed for neurodevelopmental prognostication (71) and to justify bicarbonate buffering (72) . Whereas the International Classification of Diseases continued to derive the birth asphyxia diagnosis from the Apgar score, the American Academy of Pediatrics stated in 1986 that the Apgar score alone suffices for neither diagnosis nor prognosis (71) . The first clear definition of birth asphyxia was provided by the American College of Obstetrics and Gynecology in 1992 (73), demanding each of four criteria: pHo7.00; Apgar score o4 for more than 5 min; neonatal neurologic sequelae; multiorgan dysfunction. Endorsed by 16 scientific societies, this template was further specified in 1999 by MacLennan (74): "Essential criteria defining an acute intrapartum hypoxic event: pH o7.0, base excess 412 mmol/l, early symptoms of neonatal encephalopathy, later cerebral palsy. Additional nonspecific criteria that help to time the lesion are: a sentinel hypoxic event, sudden sustained decrease of fetal heart rate, Apgar 0-6 for longer than 5 min, early multiorgan failure, early cerebral imaging with evidence of brain damage." In 2005 the ACOG decreed (75) : "The term birth asphyxia is nonspecific and should not be used." (84): "No decrease in perinatal deaths, no fewer admissions to NICU, no less cerebral palsy... . We found no benefit but substantial risk due to increased incidence of Caesarean delivery." A fierce controversy began (8) : "Obstetricians were outraged at the conclusions of this report..." an editorial stated: "the findings were sweeping, poorly thought out, and extremely negative." This did not change the facts, and 40 years later the 2017 Cochrane review, which included 13 randomized trials involving over 37,000 women gave no better news (85) : "Compared with intermittent auscultation, continuous cardiotocography reduced the neonatal seizure rate, but showed no improvement in perinatal deaths and cerebral palsy rates... . There was an increase in Caesarean sections [by 63%] and instrumental vaginal deliveries." Meanwhile from 5% in 1970, the rate of cesarean deliveries skyrocketed to 20% in Asia, 26% in Europe, 33% in North America, and 42% in Latin America (86) . Also the number of malpractice tort trials rose. However, electronic fetal monitoring persisted, as did cerebral palsy, which remained constant at 2 per 1,000 (87) . Rapidly, they both made their way into litigation. Obstetricians became the most frequently sued physicians in the United States of America (2) . In 2006, their insurance premiums had risen up to US$ 299,420 per year (1) , and 60% of the malpractice insurance premiums covered lawsuits for allegedly birthrelated cerebral palsy (88) . In Australia, obstetricians (2% of the physician group) account for 18% of all payments (89), while they are becoming an endangered species in the United States of America (90) . In Germany, midwives could no longer afford the insurance premiums (91) and have disappeared from some regions.
ELECTRONIC FETAL MONITORING AND LITIGATION

CONCLUSIONS
Birth and birth asphyxia have been accompanied by 500 years of bitter competition between midwives and surgeons. The diagnosis "asphyxia" originated around 1774, not on scientific grounds but linked to the obsession of being buried alive, to avoid the emotionally charged "apparent death." It is epistemiologically interesting that the term "asphyxia" was criticized from the very beginning because of its semantical incorrectness (pulselessness), but never for the more important lack of a definition. William Little's unproven hypothesis of 1862 fulfilled perfectly the need for causality in families burdened with a child suffering from cerebral palsy. This tragic disease, sometimes accompanied by mental impairment, became less tolerated when infant deaths waned. As decried by Virginia Apgar, the poor definition of birth asphyxia precluded scientific studies for a long time. The unjustified linking of asphyxia to cerebral palsy, ascribing unproven diagnostic power to electronic monitoring, and the belief in prevention via cesarean section transformed common delivery techniques into malpractice. This may have been promoted by age-old competition between midwives and surgeons, which created a culture of blame and undermined the respect for both professions.
